
Introduction
Lumpy skin disease (LSD, Pseudo-urticaria,Neethling virus disease, exanthema nodularis bovisand knopvelsiekte) is an infectious viral disease ofcattle. It is caused by Lumpy skin disease virus(LSDV) belonging to the family poxviridae, withinthe subfamily Chordopoxvirinae and genuscapripoxvirus that includes sheep and goat poxviruses (Tuppurainen and Oura 2012). The LSDvirus is one of the hugest viruses known (170–260nm by 300–450 nm) (Matthews, 1982). 

LSDV exists in skin nodules, crusts of skin le-sions, blood, saliva, nasal discharge, semen andmilk (Babiuk et al., 2008). LSD is observed also inAsia and appeared in non-African countries suchas Madagascar, the Middle East and Israel (Davis,1991; Yeruham et al., 1995; Brenner et al., 2006;Body et al., 2012). Severe outbreaks were recordedin various provinces in Egypt (Ali et al., 1990;House et al., 1990; Salib and Osman, 2011, El-Nahas et al., 2011). It usually occurs at regular in-tervals in endemic areas or it may cause epidemics,which spread rapidly throughout a region or coun-try (Davies, 1991). LSDV is thought to be trans-mitted primarily by biting insects as it was detectedin mosquitoes during some outbreaks (Tuppurainen*Corresponding author: Aziza AminE-mail address: Aziza.amin@fvtm.bu.edu.eg
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Pathological and Virological Studies on an Outbreak of Lumpy Skin Disease amongCattle in Kalubia Governorate-EgyptAziza Amin1*, Ehab El-Nahas2, Abd-Elbaset El-Mashed1

This work was proposed to study pathologic characteristics of lumpy skin disease (LSD)among naturally infected cattle and to demonstrate LSDV antigen within different tissuesincluding the skin nodules, regional lymph nodes, lung and liver using PCR and immuno-histochemistry. Among the infected cattle, one dairy cattle and 5 calves were dead (mor-tality rate is 6.97%). The major gross alterations in all investigated cases included numerous1-5 cm well circumscribed, round cutaneous nodules covered the whole body in most caseswith severe enlargement of superficial lymph nodes. The main microscopical changes weresevere ballooning degeneration of the epidermis, dermatitis, with severe vasculitis affectingthe dermal blood vessels. Multiple intracytoplasmic eosinophilic inclusions were presentin degenerated epidermal cells. Several pathological changes were also detected in theliver, lung, kidney, intestine and lymph nodes. Strong positive PCR signals were appearedin skin nodules, lung and lymph node. Additionally, positive immunoperixodiase reactionwas demonstrated in the skin, lung, kidney and lymph nodes. Furthermore, LSDV was iso-lated on chorio-allantoic membrane (CAM) of spf embryonated chicken eggs from skinnodules and regional lymph nodes collected from dead animals. Virion particles were ob-served on CAM by electron microscope. Finally, it could be concluded that skin lesions isa constant lesion in both young and adult animals together with systemic infection in se-verely infected animals. 
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et al., 2011). The incubation period in natural casesis thought to be between two to five weeks (Tup-purainen et al., 2005). LSD takes different formssuch as an acute, subacute or chronic disease of cat-tle. The morbidity rates in natural outbreaks varyfrom 3–85%. The disease has significant economicimplications not only in endemic areas such as sub-Saharan Africa and Egypt, but also internationally(Agag et al., 1992). There are a variety of molecular methods weredescribed to study the localization of LSDV capsidantigen within the different tissues using immuno-histochemistry (IHC) and polymerase chain reac-tion (PCR). Routine histopathology andimmunohistological staining provide a relativelyinexpensive tool to diagnose the disease. Addition-ally, antigen trapping ELISAs has been developedmore recently for detecting LSD antibodies (Heineet al., 1999). However, the pathology of LSD was illustratedin few literatures (Ali et al., 1990), and pathologi-cal alterations in different internal organs are inad-equately described till now. Therefore, this workwas designed to investigate fully the pathologiccharacteristics of LSD in different organs (skin, re-gional lymph nodes, tongue, lung, liver, kidney andintestine) among naturally infected cattle and to de-tect the antigen of LSDV within different organsusing PCR and IHC. Additionally, viral isolation aswell as viral identification using different methodswas also performed. Materials and methods
Samples collections

The samples were collected from 86 native andforeign breeds of cattle in Kaluobia governoratefarms and some of them were admitted to the clinicin Faculty of Veterinary Medicine Benha Univer-sity. Firstly, these animals were examined clinicallyfor the presence of LSD lesions during the periodof June to December 2014. Their age ranged from1-6 years of both sexes. The animal examinationwas concentrated on physical conditions, tempera-ture, superficial lymph node and skin lesions ac-cording to (Rodostits et al., 1995). Finally, thespecimens were taken from different organs forhistopathological examination, PCR and virus iso-lation.

Polymerase chain reaction (PCR) 
Tissue samples were taken from the skin nod-ules, lymph nodes, lung and liver and stored at -20°C for analysis by PCR. DNA was extractedfrom these samples with the QIAmp® extractionkit (Qiagen, Vienna, Austria). According to manu-facturer’s instructions, 25 mg of each organ wereused for extraction. PCR reaction was applied in atotal volume of 50 μl containing: 1X PCR buffer(20 mM Tris HCl pH 8.4 and 50 mM KCl); 1.5 mMMgCl2; 0.2 mM deoxynucleosides triphosphatesmixture (dATP, dCTP, dGTP and dTTP); 20 pmolof each primer; 2.5 units (U) Thermus aquaticusTaq polymerase (Promega) 0.1μg of extracted viralDNA and nuclease-free sterile double distilledwater up to 50 μl. The PCR was performed usingwith commercially available primers for LSDV.The primers were developed from the gene for viralattachment. The forward and reverse primers hadthe sequences 5'-TTTCCTGATTTTTCTTACTAT-3' and 5'-AAATTATATACGTAAATAAC-3', re-spectively. It was manufactured in the laboratoriesof the Midland Certified Reagent company Inc. ofMidland, Texas. Then, the resulting mixture wassubjected to precise thermal profile in a TGradientthermocycler (Biometra, Goettingen, Germany) asfollows: an initial denaturation cycle of 94 °C for2 min; followed by 40 cycles at 94°C for 50 sec-onds, 50 seconds at 50°C and 1 minute at 72°C for;followed by one final extension cycle of 72° C for10 minutes, rendering an amplicon of 192 bp (Ire-land and Binepal 1998). Amplified products (10 μl)were analysed using a 100 bp DNA ladder as a mo-lecular marker on 1.5% agarose gels. Ampliconswhich were stained with ethidium bromide, werevisualized using an UV transilluminator at a wave-length of 590 nm and positive reactions were con-firmed according to size.

Pathological examination
Tissue samples were taken from the skin, lymphnodes, tongue, lung, liver, kidney and intestine.Samples from these organs were also fixed in 10%neutral buffered formalin solution. The fixed spec-imens were trimmed, washed and dehydrated in as-cending grades of alcohol, cleared in xylene, andsubsequently embedded in paraffin wax then sec-tioned (4-6 micron) and stained with hematoxylineand eosin according to Bancroft et al. (1996) for166
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detection of any microscopical lesions in the exam-ined tissues. Specimens from skin nodules weretaken from both live and dead animals, whilenecropsy from different internal organs (lymphnodes, tongue, lung, liver, kidney and intestine)was performed only from dead cases (six cases).
Immunohistochemistry (IHC)

Immunohistochemistry (IHC) was applied fordefinitive demonstration of the virus antigen in dif-ferent organs including 20-selected specimen ofskin nodules and six samples of lymph node, lung,kidney and liver. Following the protocol of Awadinet al. (2011) with some modifications, 3 μm-thicktissue sections Paraffin sections were mounted onpositively charged glass slides (Superfrost plus;Menzel-Glaser, Braunschweig, Germany). Post de-paraffinization and rehydration, retrieval of antigenwas performed by heating the slides in citratebuffer (pH 6.0) in a microwave oven. Endogenousperoxidase activity was blocked with 1.5% H2O2in methanol for 30 minutes. The sections were thenincubated with 1:10 dilution of a normal goatserum (Sigma, G9023) mixed with 2% bovineserum albumin for 45 minutes at room temperaturein a humidified chamber, followed by an overnightincubation with the primary LSDV antiserum(1:1000). To visualize the primary antibody, thesections were extensively washed in PBS and thenthe sections were incubated with a 1:500 dilutionof biotinylated anti-rabbit IgG secondary antibody(Vector Laboratories, Burlingame, USA) for 30minutes incubation at room temperature. followedby Vectastain ABC Kit (Vector Laboratories,Burlingame, USA) for 30 minutes. The reactionwas visualized with a DAB Substrate Kit for per-oxidase (Vector Laboratories, Burlingame, USA).Then counterstaining was with hematoxylin stain.To avoid cross contamination during necropsy ex-amination, autoclaved scissors and disposable for-ceps were used for sampling.
Virological examination
Tissue Specimens
Skin nodules, liver, lung, kidney and lymph nodeswere aseptically collected from infected animal.Each sample was prepared for virological exami-nation (Carn and Kitching 1995) and preserved at-70°C till used.

Viral Isolation 
For virus isolation, spf Eight-day-old embry-onated chicken eggs (ECE) were inoculated withthe prepared samples via the chorio-allantoic mem-brane (CAM) route according to House et al.(1990).

Serological identification of virus isolates 
Agar gel precipitation test (AGPT and indirectfluorescent antibody technique (IFAT) were usedfor viral identification. For this, LSDV Neethlingreference strain and reference antiserum to LSDVwere kindly obtained from the Department of vi-rology, Animal health Research Institute, Dokki,Giza. Anti-bovine IgG conjugated with fluorescentIsothiocyanate developed in rabbits (SigmaAldrich) was used in IFAT. IFAT was carried outon infected CAM according to (Davies et al. 1991).The soluble antigen was prepared and identifiedfrom infected CAM using AGPT according to(Davies, 1981).

Electron microscope 
Inoculated CAM was prepared and examinedunder the transmission electron microscope accord-ing to (Kitching and Smale 1986), at transmissionelectron microscope unit, national research center,Egypt. Results

Clinical findings
The infected cattle were firstly suffered from feverthat persisted for 7-12 days. Inappetance, saliva-tion, cachexia and emaciation of infected animalswere prominent. Lacrimal and nasal discharges incombination with respiratory manifestations werealso noticed. Six animals were dead including onedairy cow and five calves; accordingly, the mortal-ity rate is 6.97%.
PCR Assay
The PCR amplified viral DNA fragment of 192bpcorresponding to the expected amplification prod-uct size of LSDV that was demonstrated in mostexamined organs including skin nodules, lung and
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lymph nodes with different degrees, while therewere no amplicon detected in liver as shown inFig.1. The highest rate of the expected amplifica-tion product (100%) was found in the skin nodules.Furthermore, the same size (192 bp) of attachmentprotein gene fragment, were also found in 97% and75% of samples processed from the lymph nodesand lung, respectively.

Pathological findings
Gross lesions

Intradermal rapid eruption of multiple circum-scribed, firm and of variable sized skin nodules.These nodules scattered all over the animal bodysurface (Fig. 2A). The distribution of the nodulesvaried among the infected animals as some animalsmildly infected and have nodules only on the neckand thorax, while others are severely infected andhave nodules scattered all over the body. In ad-vanced cases, the affected cattle showed high inci-dence of scab formation after rupturing of nodules(Fig. 2B). As the disease progresses, the nodulesbecame necrotic, and eventually a deep scab wasdetected. Some of the examined cases showing fewnumber of nodules scattered on the head and neck,after a time these nodules covered whole the body. The skin lesions in dead cases characterized bysudden appearance of large number of nodules allover the body including eyes, ears, muzzle, thorax,abdomen, legs and scrotum. Some of these nodulesmay be ruptured leaving ulcers on the neck, head,and thorax. Generalized lymphadenitis was de-tected. Superficial lymph nodes especially

prescapular and prefemoral were enlarged.

Histopathological findings
The microscopical examination of the skin ofcattle suffering from lumpy skin disease revealedhydropic degeneration of the epidermis particularlystratum spinosum and basal cell layer. Moreover,in some examined dead cases revealed ballooningdegeneration of stratum spinosum with microvesi-cles formation. The vesicles were filled withserofibrinous exudates. All examined skin biopsyfrom infected animals as well as skin samples fromdead animals showed presence of numerous intra-cytoplasmic eosinophilic inclusion bodies (Fig.3A). However, these lesions were demonstrated inall examined skin samples (100%). Furthermore,the dermal layer in most speciemens (95.3%)showed necrosis with heavy infiltration of inflam-matory cells mainly neutrophils, lymphocytes andmacrophages. The dermal blood vessels of mostexamined cases (93%) were severely congestedwith proliferation of endothelial cells together withmononuclear leukocytic cellular infiltration in theblood vessel wall (Fig. 3B). The lesions were ex-tended to subcutaneous tissue together with focalarea of hemorrhage were observed in 87% of allexamined cases. Moreover, zenker's necrosis ofmuscular layers which characterized by homoge-nous and more eosinophilic sarcoplasm with py-knotic nuclei was also noticed in about 50% of theskin samples. Skin appendages including hair follicles, seba-ceous gland and sweat glands of about 75% of skinsamples were suffering from degenerative changesmanifested by vacuolar and hydropic degenerationwith the presence of multiple eosinophilic intracy-toplasmic inclusion bodies. Moreover, necrotic
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Fig. 1. Electrophoretic pattern of PCR amplification whereLane M: nucleic acid marker (100bP), Lane LN: lymph nodesample, Lane Sk: original skin nodule sample, Lane, LaneLu: lung tissue, Li: liver sample, Lane –ve k: negative controlsample, Lane +ve k: Positive control (Reference virus).

Fig. 2. Calf suffering from LSD, A) Multifocal nodules scat-tered all over the body (arrow), B) Dairy cow has flat alopeciccutaneous lesions that are covered with a scab (arrow).
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changes of skin appendages were also detected. Congestion of blood vessels with desquamationof epithelial lining of the tongue papillae wasdemonstrated in all examined samples. . Moreover,hyaline degeneration in the lingual muscle with fewleukocytic infiltrations was observed in 66.7% ofexamined tissues (Fig. 3C). Additionally, focal areaof myomalacia was also demonstrated in few sam-ples (50%). Interestingly, severe thickening and hyaliniza-tion of the hepatic capsule as well as congestion of

hepatic blood vessels and blood sinusoids was no-ticed in 50% of liver samples. Additionally, clearcytoplasmic vacuoles were detected in the cyto-plasm of hepatocytes with pyknotic nucleus in thehepatocytes was observed in all examined samples(100%). Desquamation of the epithelial cells liningthe bile duct in combination with mild pre-ductalfibrosis with retention of bile pigment in the bileduct was also demonstrated in about 83% of thetotal examined hepatic tissue (Fig. 3D). Congestion and thrombosis of the pulmonary
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Fig. 3. Representative micrographs for skin (A and B), tongue (C), liver (D), and lung (E and F) from calves naturally infectedwith lumpy skin disease virus showed: A) Ballooning degeneration of the epithelial cells of epidermis with the presence ofintracytoplasmic eosinohilic inclusion bodies (arrow). H&E stain, Bar=20 μm. B) Vasculitis in an arteriole of the deep dermiswith extensive dermal necrosis. H&E stain, Bar=20 μm. C) Hyaline degeneration of the lingual muscle (asterisk) with fewleukocytic infiltrations (arrow). H&E stain, Bar=20 μm. D) Congestion of hepatic blood vessels with mild periductal fibrousconnective tissue proliferation (asterisk) with accumulation of bile pigment in the lumen of bile duct. Note also, hemorrhagein the hepatic parenchyma (arrow). H&E stain, Bar=20 μm. E) Distention of pulmonary alveoli with eosinophilic fluid (as-terisk). Notice also, injury of the intema of pulmonary blood vessels (arrow, inset). H&E stain, Bar=100 μm, inset Bar=20μm. F) Catarrhal bronchitis with peribronchial mononuclear leukocytic cellular infiltration mainly lymphocytes. H&E stain,Bar=20 μm.
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blood vessels as well as thickening of the inter-lob-ular connective tissue were noticed in 83% of ex-amined pulmonary tissues. Injury in the intema ofpulmonary blood vessels with perivascular hemor-rhage was also observed. Moreover, accumulationof eosinophilic edematous fluid in the pulmonaryalveoli was also observed in 66.7 % of the exam-ined speciemens (Fig. 3E). Furthermore, bronchi-olitis that characterized by desquamation of thelining epithelium of bronchioles with leukocyticcelluar infiltration in the lumen of bronchioles inassociation with peri-bronchial mononuclearleukocytic cellular infiltration was seen in exam-ined lung samples (100%) (Fig. 3F). 

Moreover, congestion of the renal blood vesselswith proliferation of the endothelial cell lining ofthe renal blood vessels was seen in 66.7% of all ex-amined renal tissues. Additionally, necrosis of theepithelial cells lining of the renal tubules with py-knotic nucleus as well as eosinophilic hyaline castswas also detected in the lumen of some renaltubules of all examined kidneys (Fig. 4A). Addi-tionally, few mononuclear leukocytic cellular infil-tration mainly lymphocytes and macrophage atcorticomedullary junction was demonstrated insome samples (50%). Diffuse areas of hemorrhagethe renal tissues with desquamation of the liningepithelium of the renal tubules were noticed in
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Fig. 4. Representative micrographs for kidney (A, B and C), lymph node (D and E), and intestine (F), from calves naturallyinfected with lumpy skin disease virus showed: A) Coagulative necrosis of the lining epithelial cells of some renal tubules(arrow) with the presence of eosinophilic debris in the lumen of some renal tubules (asterisk). H&E stain Bar= 20 μm. B)Focal area of hemorrhage in the renal medulla. H&E stain, Bar=20 μm. C) Disintegration of the glomerular tuft (arrow).H&E stain, Bar=20 μm. D) Lymphoid depletion (arrow). H&E stain, Bar=20 μm. E) Vacuolation of lymphocyte (arrow).H&E stain, Bar=20 μm. F) Necrosis of the lining epithelium of the intestinal gland with congestion of the submucosal bloodvessels (arrow). H&E stain, Bar=100 μm, inset Bar=20 μm.
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some examined renal samples (66.7%) (Fig. 4B).Furthermore, shrinkage and disintegration ofglomerular tuft was also noticed in about 83.3% ofall examined kidneys (Fig. 4C). Severe lymphoid depletion characterized by re-duced cellular density of mature small lymphocytetogether with necrotic changes in the lymphoid fol-licles of lymph nodes was demonstrated in all ex-amined lymph nodes (Fig. 4D). Interestingly,polymorphonuclear leukocytic cellular infiltrationwas demonstrated in the lymphoid follicles. . Onthe other hand, Degeneration of lymphocytes char-acterized by vacuolation of lymphocytes with in-terfollicular edema was also noticed in 66.7% of

the examined samples (Fig. 4E). Desquamation of the lining epithelial cells ofthe intestinal villi as well as accumulation of mu-coid exudates in the intestinal lumen was seen. Ad-ditionally, severe congestion of submucosal bloodvessels in association with necrosis of the liningepithelium of intestinal gland was observed in83.3% of the examined speciemens (Fig. 4F).
Immunohistochemistry

LSDV antigen was positively signaled by thepresence of brown to dark colour granularity fol-lowing IHC which may be reflected viral antigen
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Fig. 5. Positive immunoperoxidase signals for LSDV antigen in (A) The epithelial lining of skin, (B) Skin negative control(C) The lymphoid follicles of lymph node, (D) Lymph node negative control (E) The lining epithelial cells of renal tubules,(F) Kidney negative control (G) The pulmonary alveolar wall, (H) Lung negative control. Bar=20 μm.
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or its inclusion bodies in most investigated sam-ples. Following the results of IHC, the skin was themost infected organ as positive reaction wasdemonstrated in all skin samples (100%). Positivestaining was observed in the cytoplasm of the pro-liferative epithelial cells of skin, hair follicular ep-ithelium (Fig. 5). Additionally, positiveimmunoperoxidase in lymph nodes (83%), lung(66.7%), and kidneys (50%) was also observed(Fig. 5). Conversely, liver did not show any posi-tive staining in all examined hepatic tissue (6-speciemen).
Isolation of LSDV

The results of inoculation of CAMs with theprepared samples from different organs were sum-

marized in Table 1. Interestingly, the infected CAMS grossly,showed characteristic grayish-white, slightly raisedwith variable size pock lesion on infected CAMsof spf ECE (Fig. 6A). Additionally, congestion andswelling, accompanied by occasional small hem-orrhagic areas were also observed on the infectedCAMs. These characteristic pock lesions were no-ticed after 1st passage and become clear after 3rdpassage. Mean while, the examination of theseCAMs by light microscope revealed differentpathological alterations mainly severe congestionof blood vessels of CAMs. Additionally, diffusehemorrhage on CAMs (Fig. 6B) was seen. More-over, multiple variable size pock lesion of LSDVscattered areas on CAMs. Increase in the thicknessof CAMs about two or three folds thicker than con-
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Fig. 6. (A) Macroscopic characteristic pock lesion on CAM of spf ECE. (B-D) Microscopic lesion of LSDV on CAM stainedwith H&E, (B) Diffuse hemorrhage on CAM (arrow, Bar=20 μm), (C) increase in the thickness of CAM as well as ballooningdegeneration of the lining epithelium of CAM with the presence of intracytoplasmic eosinophilic inclusion body (arrow,Bar=20 μm). Note also, destruction of the epithelial layer (asterisk). (D) Intracytoplasmic eosinophilic inclusion body in thelining epithelial cells (arrow, Bar=5 μm). (E) Electron micrograph of LSDV showing the virion appeared ovoid in shape,with rounded ends and characteristic ball of wool appearance, (F) The specific intracytoplasmic yellowish green fluorescentgranules on infected CAM stained with IFAT. 
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trol CAMs as well as hyperplasia and hypertrophywith ballooning degeneration of the lining epithe-lium of CAMs and destruction of the epitheliallayer were also seen (Fig. 6C). Interestingly, intra-cytoplasmic eosinophilic inclusion bodies were de-tected in hypertrophic and hyperplastic epithelialcells (Fig. 6D). Transmission electron microscopyexamination of infected CAMs revealed the pres-ence of virion particles as brick shaped were iden-tified on epithelial cells of the CAMs (Fig. 6E).Moreover, the specific intracytoplasmic yellowishgreen fluorescent granules characteristic for LSDVwas demonstrated by IFAT (Fig. 6F).
Serological identification

Six samples from skin nodules, lymph nodes,lung, liver and kidneys show positive reaction rep-resented in appearance of line of white precipita-tion with AGPT and also positive results for IFATwith specific antisera for LSDV (Table 1).Discussion
Lumpy skin disease is generally considered asan economically important disease of cattle in theMiddle East and Africa (Fenner, 1996). Although,this disease is of a relatively low mortality rate, butthe infection permanently damages the hides, re-duced feed intake, mastitis; decreased milk yield;infertility in males and females, decreased semenquality consequently, it is of severe economic im-portance (Tuppurainen et al., 2005). In the presentwork, the gross and histopathologic lesions of LSDin skin and different organs of cattle naturally in-fected with LSDV were applied, aiming to developthe descriptions of lesions reported by others. Fur-thermore, the presence and localization of LSDVwithin the affected skin, liver, lung, kidneys and

lymph nodes was evaluated using different molec-ular methods such as PCR and IHC. Moreover, fur-ther isolation of LSDV on spf-ECE with itsidentification using different techniques was alsoperformed. LSD is characterized by skin nodules, lym-phadenitis with persistent fever. The severity of thedisease depends on the dose of the inoculums aswell as the susceptibility of the host and the routeof exposure as reported by Davies (1981). In thepresent study, the mortality rate is 6.97% whichmatched with the findings of Coetzer (2004) whoreported that the mortality rarely exceeds 3%, butit can be as high as 40%. Animals suffered fromLSD may have less immune response resulting inspreading of the virus in different internal organs. In the present work, the affected animalsshowed signs of fever, anorexia, depression, nasaldischarge and salivation followed by the suddenappearance of firm skin nodules, all over the bodyin some cases and enlargement of the superficiallymph nodes were the most common clinical signs.These signs are similar to those described previ-ously in cattle by (Carn and Kitching 1995; AbdEl-Rahim et al., 2002). In LSD, the damage of skinor mucous membranes that could be followed bysecondary bacterial invasion resulting in variouscomplications involving recumbency, mastitis,abortion, dysentery, lameness, and pneumonia. Ad-ditionally, stress induced immunosuppression,anorexia, persistent fever and severe debilitationalso facilitate secondary bacterial invasion. Pathological evaluation of skin lesions at vari-ous stages of development is important. Skin nod-ules have congestion, hemorrhage, edema, andvasculitis with consequent necrosis and involve alllayers of the epidermis, dermis, subcutaneous tis-sue, and often adjacent musculature. The extensivereplication of LSDV as indicated by presence of in-
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Table 1. results of CAMs inoculation with collected samples from different organs, and serological identification tests (AGPTand IFAT) 

*clear precipitation line                                                           **yellowish green fluorescent173



tracytoplasmic eosinophilic inclusion bodies in epi-dermis and germinal cells of affected hair folliclesand sebaceous glands. However, vasculitis andthrombosis, resulting in oedema and necrosis wasessential to the pathogenesis of the lesions in LSD(Prozesky and Barnard 1982). Lymph nodes drain-ing affected areas were enlarged with mild lym-phoid proliferation, edema, congestion andnecrosis. These findings are matched with the find-ings of Prozesky and Barnard (1982). In the current study, hemorrhage and thrombosiswas a common lesion in different investigated or-gans such as skin, liver, lung, kidney and lymphnodes. These findings could be attributed to the re-lease of cytokines by inflammatory cells (immune-mediated inflammation) or by a direct endothelialdamage as observed in the pulmonary blood ves-sels. LSD lesions can occasionally extend to inter-nal organs (Ali et al., 1990). According to theresults of  the current work, various pathologicalchanges were detected in different internal organsincluding lung, liver, kidneys intestine and lymphnodes in which combination with detection ofLSDV antigen in most of these organs by IHC.These findings confirm the ability of LSDV to in-duce systemic infection that did not inadequatelyconfirmed previously. In addition to successful iso-lation of LSDV from the skin nodule and lymphnodes, further identification of virus by serologicaltests as AGPT and IFAT were performed. These re-sults are also confirmed the systemic spread of viralantigen in these organs. Moreover, transmissionelectron microscope examination showed the char-acteristic ovoid shaped virion with "ball of wool"appearance, the same results were recorded byAhmed and Kawther (2007). PCR was a rapid and sensitive mean for detec-tion and identification of the LSDV DNA (Tuppu-rainen et al., 2005). The use of the PCR for thedetection of LSD virus nucleic acid from skin biop-sies has been published previously (Markoulatos etal., 2000), but no studies have been undertaken onthe presence of the virus in different internal or-gans. In this study, the PCR assay showed highspecificity as a unique band of the expected size (~192 bp) was obtained for DNA samples derivedfrom skin, lymph node, and lung. Following tothese results, it is clear that there was a good asso-ciation between pathological changes in the skin,lymph node and lungs and the identification of viralDNA in these organs by PCR. Meanwhile, LSD

virus could not be demonstrated in liver by PCR,although there were some pathological lesions ob-served. This may be attributed to the concentrationof the virus in the hepatic tissue is too low. Addi-tionally, the demonstration of viral antigen by im-munoperoxidase staining in necrotic tissue issignificant. Consequently, IHC was applied todemonstrate viral particles in the tissues of infectedanimals. Overall, IHC was found to be more sensi-tive than traditional staining methods for demon-stration of the causative agent. Moreover, IHC is amethod that may be applied to the detection ofLSDV in paraffin wax-embedded tissues, as it pro-vides the opportunity to correlate the histologicalchanges with the presence of the virus. However,the uneven distribution of the viral cells within tis-sues could explain the different results obtained byPCR and IHC, especially in those organs thatshowed only few viral particles.Conclusion
Based on the result of the present work, it couldbe concluded that beside the constant lesion ofLSD in skin, systemic spreading of the virus in dif-ferent organs was reported. PCR and IHC assayshould be applied besides conventional techniquesfor any cases with skin lesions as early as possibleto diagnose and apply adequate control measures.Future studies on the cellular tropism of LSDV andthe nature of viral receptors on target cell mem-branes might be useful for more clarification of thepathogenesis of this economic important disease.References
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